Enhancement of transglycosylation activity by construction of chimeras between mesophilic and thermophilic beta-glucosidase.
The family 3 beta-glucosidase from Thermotoga maritima is a highly thermostable enzyme (85 degrees C) that displays transglycosylation activity. In contrast, the beta-glucosidase from Cellvibrio gilvus is mesophilic (35 degrees C) and displays no such transglycosylation activity. Both enzymes consist of two domains, an N-terminal and a C-terminal domain, and the amino acid identities between the two enzymes in these domains are 32.4 and 36.4%, respectively. In an attempt to identify the molecular basis underpinning the display of transglycosylation activity and the requirements for thermal stability, eight chimeric genes were constructed by shuffling the two parental beta-glucosidase genes at four selected borders, two in the N-terminal domain and two in the C-terminal domain. Of the eight chimeric genes constructed, only two chimeric enzymes (Tm578/606Cg and Tm638/666Cg) gave catalytically active forms and these were the ones shuffled in the C-terminal domain. For these active chimeric enzymes, 80% (Tm578/606Cg) and 88% (Tm638/666Cg) of their amino acid sequences originated from T. maritima. With regard to their thermal profiles, the two active chimeric enzymes, Tm578/606Cg and Tm638/666Cg, displayed profiles intermediate to those of the two parental enzymes as they were optimally active at 65 and 70 degrees C, respectively. These two chimeric enzymes were optimally active at pH 4.1 and 3.9, which is closer to that observed for the T. maritima enzyme (pH 3.2-3.5) than that for the C. gilvus enzyme (pH 6.2-6.5). Kinetic parameters for the chimeric enzymes were investigated with five different substrates including pNP-beta-D-glucopyranoside. The kinetic parameters obtained for the chimeric enzymes were closer to those of the T. maritima enzyme than to those of the C. gilvus enzyme. Transglycosylation activity was observed for both chimeric enzymes and the activity of the Tm578/606Cg chimera was at a level twice that observed with the T. maritima enzyme. This study is an effective demonstration of the usefulness of chimeric enzymes in altering the characteristics of an enzyme.